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(57)Abstract : 

PROBLEM TO BE SOLVED: To decrease the quantity of 91e heat transmitted from the 
heating element of an ultrasonic probe to a body surface. 
SOLUTION: At least one of the acoustic matching layers disposed between a 
piezoelectric vibrator 10 and the surface of the living body 200 is formed of the 
low-thermal conductivity acoustic matching layer 140 consisting of a material having 

?ood low thermal conductivity. The low-thermal conductivity acoustic matching layer 
40 is formed by incorporating and dispersing low- thermal conductivity particulates 
consisting of a material having low thermal conductivity, such as silicone, into a 
base material consisting of an epoxy resin, etc. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 

;claim(s)] 

Xlaim l]An ultrasound probe making one side of at least one layer of said sound 
matching layer into a low-fever conductivity sound matching layer in an ultrasound 
probe characterized by comprising the following. 
A piezoelectric transducer. 

They are a wrap monolayer or a sound matching layer of two or more layers about this 
piezoelectric transducer. 

[Claim 2]An ultrasound probe which is the ultrasound probe according to claim 1 and 
by which it is containing [ said low-fever conductivity sound matching layer 
]-substrate and filler of low-fever conductivity construction material distributed 
by this substrate characterized. 
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[Claim 3]An ultrasound probe, wherein it is the ultrasound probe according to claim 
2 and said fillers are particles which consist of low-fever conductivity 
construction material. 

[Claim 4]An ultrasound probe characterized by said particles being hollow particles 
in the ultrasound probe according to claim 3. 

[Claim 5]An ultrasound probe, wherein it is the ultrasound probe according to claim 
2 and said filler is a microfilament which consists of low-fever conductivity 
construction material. 

[Claim 6]An ultrasound probe, wherein it is the ultrasound probe according to claim 
2 and said filler is sheet metal which consists of low-fever conductivity 
construction material. 

[Claim 7]An ultrasound probe by which said low-fever conductivity sound matching 
layer forms much micropores in a substrate of predetermined construction material, 
and it is thing characterized in the ultrasound probe according to claim 1. 
[Claim 8]An ultrasound probe, wherein said low-fever conductivity sound matching 
layer consists of a substrate of fizz in the ultrasound probe according to claim 1. 
[Claim 9]An ultrasound probe making it small to such an extent that influence of 
attenuation according a size about a radial direction of an ultrasonic wave of air 
bubbles of said filler, said micropore, or said fizz substrate to dispersion can be 
disregarded in the ultrasound probe according to any one of claims 2 to 8. 
[Claim 10]An ultrasound probe making small distribution density of air bubbles of 
said filler, said micropore, or said fizz substrate in said low-fever conductivity 
sound matching layer as said piezoelectric transducer side in the ultrasound probe 
according to any one of claims 2 to 9. 



[Translation done.] 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 b **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

"Detailed Description of the invention] 

;oooi] 

^industrial Application]This invention relates to the ultrasound probe used for 
medi cal -ul trasoni c-waves diagnostic equipment. 
;0002] 

^Description of the Prior Art]An ultrasound probe is an ultrasonic signal or its 
device which changes an ultrasonic signal into an electrical signal conversely about 
an electrical signal using an el ectroacousti c transduction operation of a 
piezoelectric transducer. 

[0003]ln this conversion, since a part of energy of a signal changes to thermal 
energy within an ultrasound probe, when working a probe, generation of heat is 
produced inevitably. As an exothermic part within a probe, there are a built-in 
electric circuit for a piezoelectric transducer, back material, an acoustic lens, 
and a transmi ssion-and-reception wave, etc. in a piezoelectric transducer, 
generation of heat arises by the loss by dielectric loss and the machinery Q being 
Tow, and generation of heat is produced by the loss by ultrasonic absorption in back 
material or an acoustic lens, in a built-in electric circuit, generation of heat is 
produced by the loss in each element which constitutes a circuit, etc. 
[0004]On the other hand, in order to use an ultrasound probe in contact with a 
living body's body surface, severe restriction is imposed on the rise in heat of the 
body surface contact surface of an ultrasound probe by the safety standards, such as 
JIS, and the device for fulfilling such a standard is conventionally made by the 
ultrasound probe. 

[0005] Drawi ng 9, drawing 10, and drawing 11 show the internal structure of the 
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conventional ultrasound probe, respectively. In order to give a focal effect to an 
ultrasonic beam, a method different, respectively is used for each ultrasound probe 
of drawing 9 - drawing 11. 

[0006]First, in the ultrasound probe of drawing 9, the focal effect is given to the 
ultrasonic beam by forming the acoustic lens 16. in drawing 9, the piezoelectric 
transducer 10 is being fixed on the back support material 12 in the probe case 20. 
The back support material [ of the piezoelectric transducer 10 ] 12 and opposite 
hand, i.e., body surface contact surface, side is covered by the sound matching 
layer 14 for aiming at consistency of acoustic impedance with a living body. As a 
material of the sound matching layer 14, the epoxy resin etc. in which the value of 
acoustic impedance turns into an interim value of a piezoelectric transducer and a 
living body are used, in order to change gradually the acoustic impedance from the 
piezoelectric transducer 10 to a living body little by little, the sound matching 
layer 14 is constituted from this example by the two layers 14a and 14b which 
consist of materials in which acoustic impedance differs mutually. 
;0007]The acoustic lens 16 for carrying out the focus of the ultrasonic beam is 
: ormed in the body surface contact surface side of the sound matching layer 14. And 
the built-in electronic circuit 18 which is electrically connected with the 
piezoelectric transducer 10 and performs transmit/receive control etc. is 
established in the piezoelectric transducer 10 and opposite hand of the back support 
material 12. This built-in electronic circuit 18 is connected to the main part of 
ultrasonic diagnostic equipment by the cable 24. 

[0008]And in this ultrasound probe, by arranging the thermally conductive good heat 
transfer member 22 near the piezoelectric transducer 10 or the heating element of 
built-in electronic circuit 18 grade, the generated heat is quickly exhausted to the 
probe exterior via the heat transfer member 22, and the heat which gets across to 
the body surface contact surface side is lessened as much as possible. 
[0009]The ultrasound probe of drawing 10 carries out the focus of the ultrasonic 
beam by making shape of piezoelectric transducer 10 grade into concave shape. That 
is, in the composition of drawing 10, the focal effect has been acquired not using 
the acoustic lens by making the piezoelectric transducer 10 and the sound matching 
layer 14 into a concave configuration. Other composition of drawing 10 is the same 
as the composition of drawing 9. when an acoustic lens is provided like drawing 9, a 
possibility of becoming what cannot disregard attenuation by an acoustic lens if the 
frequency of the ultrasonic wave to be used becomes high, and becoming the shortage 
of sensitivity also comes out. For this reason, composition without an acoustic lens 
like drawing 10 may be adopted as the ultrasound probe using the ultrasonic wave of 
high frequency. 

[0010]The piezoelectric transducer 10 is divided into two or more vibration elements 
by the separating wall 26 in the ultrasound probe of drawing 11. The composition of 
drawing 11 carries out the focus of the ultrasonic beam by controlling the phase of 
the electrical signal of each vibration element at the time of transmission and 
reception, in this composition, the sound matching layer 14 is also divided into 
plurality according to the piezoelectric transducer 10. in the composition of 
drawing 11, since the focus of what becomes complicated is made variable as for a 
control mechanism, resolution good till a place distant from the place near a body 
surface is obtained. 

[0011]The method of also exhausting the composition of drawing 10 and drawing 11 to 
the probe exterior by the heat transfer member 22 as a means to prevent the heat 
generated within the probe from getting across to a body surface was taken. 
[0012] 

[Problem(s) to be Solved by the lnvention]However , the exhaust heat mechanism of the 
above conventional ultrasound probes was not necessarily able to be said to be 
sufficient thing. For this reason, in order to fulfill a standard conventionally, 
various restrictions were imposed on the impressed electromotive force to the 
piezoelectric transducer 10, the construction material of the piezoelectric 
transducer 10, amplification, circuit structure of the built-in electronic circuit 
18, etc. that the calorific value inside an ultrasound probe should be reduced. 
These restrictions had become an obstacle at the time of acquiring a high S/N ratio 
and quality picture in conventional ultrasonic diagnostic equipment. 
[0013]ln particular, in the ultrasound probe of structure like drawing 10 or drawing 
11, since the distance of the part piezoelectric transducer 10 and a body surface 
without an acoustic lens was approaching, generation of heat of this piezoelectric 
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transducer 10 got across to the body surface easily, and had become a serious 
probl em . 

[0014]This invention is made in order to solve such a problem, and it is a thing. 
The purpose is to provide the ultrasound probe which can reduce the quantity of the 
heat transmitted from the heating element inside a probe to a body surface, when 
generation of heat by ********** becomes a problem. 

;oois] 

^Means for Solving the Problem]ln order to attain the above-mentioned purpose, in a 
piezoelectric transducer and an ultrasound probe which contains a wrap monolayer or 
a sound matching layer of two or more layers for this piezoelectric transducer, an 
ultrasound probe concerning this invention made one side of at least one layer of 
said sound matching layer a low-fever conductivity sound matching layer. 
[0016]ln this composition, heat from a circuit of a piezoelectric transducer or 
others becomes difficult to be transmitted by having made into a thermally 
conductive low low-fever conductivity sound matching layer a sound matching layer 
provided in the body surface contact surface side rather than a piezoelectric 
transducer to a body surface contact surface. Therefore, according to this 
composition, a rise in heat of a body surface contact surface of an ultrasound probe 
can be controlled. 

[0017]Said low-fever conductivity sound matching layer is including [ a substrate 
and a filler of low-fever conductivity construction material distributed by this 
substrate ] characterized by this invention. 

[0018]ln this composition, a low-fever conductivity sound matching layer is formed 
by making a substrate distribute a filler of low-fever conductivity. As a gestalt of 
a filler, particles, a microfilament, sheet metal, etc. are employable, if a filler 
is made into particles in the air, the adi athermancy of the particle concerned can 
attain low-fever conductivity. 

[0019]As for this invention, said low-fever conductivity sound matching layer 
contains a substrate with which much micropores were formed, in this composition, 
low-fever conductivi ty-ization of a sound matching layer is attained using adiabatic 
efficiency of micropore. 

[0020]As for this invention, said low-fever conductivity sound matching layer 
consists of fizz material, in this composition, the adi athermancy of air bubbles 
inside a substrate which consists of fizz material attains low-fever 
conductivi ty-ization of a sound matching layer. 

[0021]This invention was made small to such an extent that influence of attenuation 
according a size about a radial direction of an ultrasonic wave of air bubbles in 
said filler, said micropore, or said fizz material to dispersion could be 
disregarded. According to this composition, an increase in attenuation of ultrasonic 
wave by composi te-i zi ng with a substrate and a filler can be suppressed 
substantially. 

[0022]ln said low-fever conductivity sound matching layer, as for this invention, 
distribution density of air bubbles in said filler, said micropore, or said fizz 
material was made small as said piezoelectric transducer side. 

[0023]Accordi ng to this composition, acoustic impedance of a sound matching layer 
becomes so small that the body surface contact surface side is approached by having 
constituted so that a side with a smaller side nearer to a piezoelectric transducer 
and further density of air bubbles in said filler, micropore, or said fizz material 
might become large. According to such composition, while propagation of heat to a 
body surface contact surface of an ultrasound probe is controlled, a consistency 
operation of acoustic impedance between a piezoelectric transducer and a living body 
improves. 
;0024] 

^Embodiment of the lnvention]Hereafter , the embodiment of the ultrasound probe 
concerning this invention is described based on a drawing. 
[0025] Drawing 1 is a sectional view showing the composition of the suitable 
embodiment of the ultrasound probe concerning this invention, in drawing 1, the same 
numerals are given to the component which is the same as that of the conventional 
composition shown in drawing 10, or is equivalent to it, and the explanation is 
omitted to it. 

[0026]That it is characteristic in the composition of drawing 1 is the point that 
the low-fever conductivity sound matching layer 140 is formed in the body surface 
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contact surface side of the piezoelectric transducer 10. That is, in this 
embodiment, the heat from the piezoelectric transducer 10 or the built-in electronic 
circuit 18 is prevented from getting across to the living body 200 by making one of 
the sound matching layers provided between the piezoelectric transducer 10 and the 
living body 200 surface into the low-fever conductivity sound matching layer 140 
which consists of a good material of low-fever conductivity. As a material of the 
low-fever conductivity sound matching layer 140, Since the material which is 
satisfied with single material of both low-fever conductivity and an acoustic 
feature is not known at present, in this embodiment. Resin, ceramics, etc., such as 
an epoxy resin generally used as a material of a sound matching layer, are used as a 
substrate, and what distributed a majority of those substrates and formed the 
particles which consist of a thermally conductive low material rather than this 
substrate is used as the low-fever conductivity sound matching layer 140. in drawing 
1, in order to keep an air layer from being made between an ultrasound probe and the 
living body 200, the gel 25 is used. 

[0027]Drawing 5 is a sectional view showing the structure of the low-fever 
conductivity sound matching layer 140 in detail, as shown in drawing 5, into the 
substrate 140a which consists of epoxy resins etc., it is made to mix and distribute 
and the low-fever conductivity sound matching layer 140 forms the thermally 
conductive low low-fever conductivity particles 142. It is preferred to use the 
particles which consist of rubber materials, such as silicone, as the low-fever 
conductivity particles 142. 

[0028]The adi athermancy of air can also be used as the low-fever conductivity sound 
matching layer 140. That is, adiabatic efficiency can be heightened by distributing 
many minute air bubbles in the substrate 140a. As concrete composition of such a 
low-fever conductivity sound matching layer 140, what distributed the particles etc. 
which consist of hollow glass particles or various kinds of fizz resin is mentioned, 
for example into the substrate 140a. in addition, the low-fever conductivity sound 
matching layer 140 by which a majority of such minute bubbles were distributed can 
be formed also by using the substrate 140a itself as fizz materials, such as foamed 
resin and foaming ceramics. As shown in drawing 6, the thing in which much 
micropores 144 were formed is also employable as the substrate 140a of resin or 
ceramics as the low-fever conductivity sound matching layer 140. in these 
composition, it is also possible to fill up air bubbles and micropore with good 
resin of low-fever conductivity, and to improve strength of structure and an 
acoustic feature. 

[0029]what distributed the microfilament which consists of low-fever conductivity 
construction material instead of low-fever conductivity particles in the substrate 
140a can also be used as the low-fever conductivity sound matching layer 140. As 
shown in drawing 7, the thing which made the low-fever conductivity sheet metal 146 
distribute and laminate in the substrate 140a instead of low-fever conductivity 
particles can also be used as the low-fever conductivity sound matching layer 140. 
[0030]ln such a low-fever conductivity sound matching layer 140, in order to 
maintain acoustic features, such as a transmission efficiency of an ultrasonic wave, 
It is necessary to make it small to such an extent that the influence of the 
attenuation of ultrasonic wave according the size about the direction of acoustic 
emission of the above-mentioned low-fever conductivity particles 142, the micropore 
144, a microfilament, or the low-fever conductivity sheet metal 146 (it carries out 
abbreviated to "particles etc." hereafter) to dispersion can be disregarded. 
[0031] Accordi ng to Stenzel (stainless steel TSUERU) , the reflection by a rigid 
sphere is expressed with the following formulas. 
;0032] 

"Equation 1] 

Rp=(2 a/x) -|z (ka) | - (1) 

a: The radius of a rigid sphere (2a: path of a rigid sphere) 

x: distance Rp: from a sound source to a rigid sphere -- reflectance (strength of 
reflected-sound pressure is expressed) 

z: z function of Stenzel (infinite series containing a Bessel function) 
k: Circular wave number (k=2 pi/lambda and lambda are the wavelength of an 
ultrasonic wave) 

In an upper type (1), z (ka) expresses a dependency over an ultrasonic wavelength of 
reflected-sound pressure, and a path of a rigid sphere. Although low-fever 
conductivity particles used in this embodiment are not necessarily rigid bodies, 
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since a case of a rigid body is considered that reflection is the strongest, 
evaluation by said z function can be used as a rule of thumb of a maximum of 
dispersion (reflection and dispersion are physically the same) by said particle. 
[0033]A graph of z function of Stenzel is shown in drawing 12. according to this, z 
value of a function is about 1 law, and it turns out that z value of a function is 
small in proportion to a square of a ratio of a spherical diameter to wavelength in 
a place where a spherical diameter is sufficiently larger than 1/pi of wavelength in 
a place where a spherical diameter is sufficiently smaller conversely than 1/pi of 
wavelength . 

[0034] Accordi ng to the above, in order to maintain acoustic features, such as a 
transmission efficiency of an ultrasonic wave, the size about the directions of 
acoustic emission, such as particles, needs to fill a following formula. 
;0035] 

^Equation 2]D<lambda/n -- (2) 

d: The size lambda about the directions of acoustic emission, such as particles : in 
the wavelength n:positive number book embodiment of an ultrasonic wave, it is 
preferred to make n of an upper type (2) into about [ 15 or more ]. According to the 
graph of drawing 12, the ref 1 ected-sound pressure at the time of being referred to 
as n= 15 becomes 1/10 or less [ at the time of making the size d into the wavelength 
grade (about / namely, / n= 1) of an ultrasonic wave ]. An upper type (2) is a 
formula about a rigid body, and is considered to be a case where acoustic impedance 
of a rigid body is infinite and reflection of an ultrasonic wave is the strongest. 
On the other hand, since actual particles have acoustic impedance smaller than a 
rigid body, reflection of an ultrasonic wave is smaller than the case of a rigid 
body. Therefore, 15 or more may be a rule of thumb to the last in n, and actual 
particles may be enough even if it makes n smaller than 15. 

[0036]ln this embodiment, the shape of the low-fever conductivity particles 142 is 
not limited to a ball, and the sectional shape of the micropore 144 is not limited 
to a ci rcle, either. 

[0037]Thus, by having used the low-fever conductivity sound matching layer 140 which 
distributed the substrate and formed the particles of low-fever conductivity of the 
size etc. which fulfill a predetermined condition according to this embodiment, 
Since low-fever conductivity can be increased suppressing degradation of an acoustic 
feature to minimum, it can prevent the heat generated from the piezoelectric 
transducer 10 or the built-in electronic circuit 18 getting across to the living 
body 200 side, and the rise in heat of the body surface contact surface of an 
ultrasound probe can be suppressed. As a result, since the standard about 
temperature can be fulfilled even if it enlarges some impressed electromotive force 
to the piezoelectric transducer 10, scales of the built-in electronic circuit 18, 
etc., The flexibility of designs of an ultrasound probe, such as circuit structure 
of a built-in electronic circuit, impressed electromotive force to a piezoelectric 
transducer, selection of the material of a piezoelectric transducer, can obtain 
increase and a more highly efficient ultrasound probe. 

[0038]Since making a substrate distribute particles of low-fever conductivity, etc. 
results in change to acoustic impedance as the whole sound matching layer, according 
to the low-fever conductivity sound matching layer of this embodiment, fine 
adjustment of difficult acoustic impedance is attained only with substrates, such as 
an epoxy resin. For example, when what consists of quality of a glass material is 
used as a sound matching layer by the side of a piezoelectric transducer in an 
ultrasonic vibrator which has a sound matching layer of two-layer structure, if what 
consists of an epoxy resin simple substance is used as a sound matching layer by the 
side of a body surface contact surface, acoustic impedance will become larger than 
ideal value, and a loss will arise, but. if a layer of this epoxy resin is made to 
distribute particles, such as silicone and hollow glass, it will become possible to 
reduce acoustic impedance and to bring close to ideal value. 

[0039]Al though an ultrasound probe which made the piezoelectric transducer 10 a 
concave configuration like drawing 1 was explained above, this invention can be 
applied, when dividing the piezoelectric transducer 10 into plurality like drawing 
2, or also when forming the acoustic lens 16 like drawing 3. In drawing 2 and 
drawing 3, the same numerals are given to each component of drawing 1, and same 
component, and the explanation is omitted to them. Also in composition of drawing 2 
and drawing 3, it can prevent heat generated inside an ultrasound probe getting 
across to the living body side by forming the low-fever conductivity sound matching 
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layer 140. 

[0040]ln the above explanation, although an example which makes one layer in a sound 
matching layer which consists of two-layer a low-fever conductivity sound matching 
layer was explained, this invention is applicable not only to such composition but 
an ultrasound probe only with one layer of sound matching layers and an ultrasound 
probe with a sound matching layer of three or more layers, in an ultrasound probe 
with a sound matching layer of two or more layers, the effect same also as a 
low-fever conductivity sound matching layer as this embodiment is theoretically 
acquired in which layer of two or more layers. It is also possible to make all of a 
sound matching layer of two or more layers into a low-fever conductivity sound 
matching layer. 

[0041] Al though drawing 1 explained an ultrasound probe including the built-in 
electronic circuit 18, this invention is applicable also to an ultrasound probe 
which does not include a built-in electronic circuit as shown in drawing 4. 
[0042]Next, a modification of this embodiment is explained. Drawing 8 is a figure 
showing an important section section of an ultrasound probe concerning a 
modification of this embodiment, in the composition of drawing 1, although 
distribution of low-fever conductivity particles in the low-fever conductivity sound 
matching layer 140 was uniform, in this modification, the low-fever conductivity 
sound matching layer 150 which gave change is used for a distribution state of 
low-fever conductivity particles. From the piezoelectric transducer side, this 
low-fever conductivity sound matching layer 150 is formed so that distribution 
density of low-fever conductivity particles may become deep gradually toward the 
body surface contact surface side. Since acoustic impedance becomes small 
continuously toward the piezoelectric transducer side to the body surface contact 
surface side according to the low-fever conductivity sound matching layer 150 of 
such composition, the ideal acoustic impedance characteristic is realizable. Of 
course, as for the low-fever conductivity sound matching layer 150, as for this 
composition, the same effect as the low-fever conductivity sound matching layer 140 
of drawing 1 is acquired also in that a rise in heat of a body surface contact 
surface is suppressed. 
;0043] 

^Effect of the lnvention]As explained above, according to this invention, it becomes 
possible by having used the sound matching layer as the member of low-fever 
conductivity to reduce the quantity of the heat transmitted from the heating element 
inside an ultrasound probe to a body surface contact surface, and to suppress the 
rise in heat of a body surface contact surface. For this reason, since the standard 
about the temperature of an ultrasound probe can be fulfilled easily, the 
flexibility of a design of an ultrasound probe can obtain increase and a more highly 
efficient ultrasound probe. 



[Translation done.] 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 

^Brief Description of the Drawings] 

^Drawing l]lt is a sectional view showing the embodiment of the ultrasound probe 
concerning this invention. 

[Drawing 2]lt is a sectional view showing another example of the ultrasound probe 
concerning this invention. 

[Drawing 3]lt is a sectional view showing another example of the ultrasound probe 
concerning this invention. 

[Drawing 4]lt is a sectional view of the example which applied the low-fever 
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conductivity sound matching layer to the ultrasound probe without a built-in 
electronic circuit. 

[Drawing 5]lt is a sectional view showing an example of the low-fever conductivity 
sound matching layer which distributed low-fever conductivity particles in a 
substrate . 

[Drawing 6] It is a perspective view showing the example of the low-fever 
conductivity sound matching layer which provided much micropores in a substrate. 
[Drawing 7]lt is a perspective view showing the example of the low-fever 
conductivity sound matching layer which carried out distributed lamination of the 
sheet metal which consists of low-fever conductivity construction material in a 
substrate . 

^Drawing 8]lt is a sectional view showing the modification of an embodiment. 
^Drawing 9]lt is a sectional view showing the conventional ultrasound probe. 
^Drawing 10]lt is a sectional view showing another example of the conventional 
ultrasound probe. 

[Drawing ll]lt is a sectional view showing another example of the conventional 
ultrasound probe. 

^Drawing 12]lt is a figure showing the graph of z function of Stenzel . 
^Description of Notations] 

!.0 A piezoelectric transducer and 12 A back support material and 14 A sound matching 
layer, 16 acoustic lenses, 18 A built-in electronic circuit and 20 [ Gel and 26 / A 
separating wall and 140,150 / A low-fever conductivity sound matching layer, 142 
low-fever conductivity particles, 144 micropore, and 146 / Low-fever conductivity 
sheet metal. ] A probe case and 22 A heat transfer member and 24 A cable and 25 

[Translation done.] 
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DRAWINGS 

[Drawing 1 
[Drawing 2 
[Drawing 3 
[Drawing 4 
[Drawing 5 
[Drawing 6' 
[Drawing 7 
[Drawing 8 
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[Drawing 9] 
[Drawing 10] 
[Drawing 11] 
[Drawing 12] 
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^ coft^ff fl4McoS«±#t(iM L 1 ^RB^H^ft-r tJ 

[000 5] H9 , Ell OMXEI 1 1 (S, -efL-rnta^ 

^m^mmm-fi±. mumx-Mz7*-%xwm* 

^t&tzMZZixfriim%:&ttZnmLX^& . 
[0006] 4-f , [29C0S#^M^T1±. 

Ri-Svi-O**. H9tjoUT. JEflEJgair^ 1 K 

t v ^ . j±«»^ 1 0 cowaKfti* 1 2 fc -r 
w.is*tefr%>tztbcr)W^m^mi 4xmhtix\^. w 

^'JE«»^ i: fc <0 tf law** fc * * x jK^t ^ISSh 
msm^btiZ. =Srfc. icoMTii. J±mi5Kl^ 1 0^ 

z_2>tztbl,z. WW»^14(i. ^wjyv—yy^ft 

^\>Azm%&ttnfrt>%:&2-?c?>mi4a.RXfl4b( l Z 
X-oXffif&ZtlX^h, 

[0007] mwmsm 1 4<D#mmmmMi. 

0 fcR«Wfcl4s 1 0 

5SfiM»P*ff -3 ft)t«^0S^ 1 8^f&ft£>ftT^& . 

icDrt^m^HI^l 8(4, ^-r;1^2 4^J;-?T@#}ft 

[0 0 08] -eLT. CC0S#^M-ft*3V^T(4, £E 
tilf 1 O^rt^m^HIBSl 8^col6ftftcoi£fll^ 

®wtwAw®»aw 2 2 ^ibs^-s. ; fc t =t o . 

[0009] n i o crimumm^t , i±mwm 
=t i ommmzwmmz-tz, ^ttio, sa^b*- 

(4, ^fkyxiffluf, ffiSiSIJ)^ i osv'tfl^ 
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Eli o tfOflfiofl!^{iia 9 <7)fl|j£ k WiWCh h , 

cooioiift, an (om^mfflrf-Tii. mmm 

Wfpl 03WMHS2 6Ci O^MfcfMWIfT-t^Hnsn 

f v^4. mi lomstt. 3safn*fctj(t44Haft«? 

coSMfl-^cofiffl £ Marts CiktcJ: 0 j(HF*h*- A £■ 

4 1 esbis^ i o iz^hitxMmizfrmztix ^s. 

Ell l <oaKRTtt, W«Wfl!l±»9tfc:*S«»<»D^)7 *- 
[ 0 0 1 1 ] EJ 1 O&t^EJ 1 1 <OilSTt)> &J!*i t l*rC 

[0012] 

[^jWB&L* atrial] Upk&#£>. ±I» 

tttoMBmmttvmtnmttvsMfr^ . urn 

HB^ mil 1 8<0fSH£^B»ffi£#£«*2HH«r£fl! 

[00 131SC, EJ 1 O^EJ 1 1 co i a 
aSBH^PCtt, fW^XrtfcSrVvMMa&T 1 0 k#: 

sib t mtmaws. Lx\^fznb, ; tojEmisis^ 1 o 

[0014] *«HHl±i<DJ: ■55rt5Baa*J!ISt-r*fcft 

[00 15] 

[ooi6] z<om&vit. mmmm^ «t o 



x. z\cr>mmz£tu$. mmmm^-irmmmmffM 

[ 0 0 1 7 ] ifc, Mieffi^fE»ttW*fi^r 

»«k^o»«tc^six7tffi^g»eff««03t 

«Wk^-#0.1k^tk-r-l». 
[0018] £C0»)£-Cti, ffl^53(ttff»£JB£, 

tax . wsmtfcDmmmz ± o ffi^ewtt & aj^-r s 

£ k j&*-C# 5 . 

[0019] *^BJJ(±. lufEffi* 



[ o o 2 o ] a*;, *«Bjti, ifriBfg^fE»e#«»-^ 

«iatttm*»A>«r«. - k £Wfikb-t& . ^ofltfiSc 

[0021] ttz. ^mu. misfcmttximtm'h 
iLximtm^mtm^M^mw^ikm^iz^ 
ivc<^ji££, «cat * &mmco%m*mLT% turn 

pjt S i k -S . 

[ 0 0 2 2 ] *^BJ!iiMISffi^eW14W«S^rM 
£,lk£WHk-f 

[002 3] r^anstct^Uf » tulE3t«WX«Si/jN?L 
fflWl k>h§ < 511 ^iijij < 4 S J: -3 (sfffjfi Lfc i k 

Hici^ < is k>h§ < * s . c\cr>s. o %mmz X tl 
h k k fete. j±m»^ k4i*i; or H i^#«-f ^h-r 

[0024] 

[ o o 2 5 ] eji ^9tmz\%hwm^um-^Mm 
%mMmmcDm®.z^~?wimmT$>& . h 1 ttj , 

EJI 0^k^*o«j£klRl-iL<{i^titcffi^ 
[0 02 6] lai^Sjfite^TWSffipSrikfi. J± 



■f 1 0 



il-- 1=1 



4 0* s R(ti?>iiTV^SjS'CS)So ^fc^>. *HSt?F^ 
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t>%z>{8Mijm&imm&m 1 4 0 k-r 4 <r k t «t 0 , 
0 ^e*> £ <?3 sr Huh lt i ^ . i&mm^wm&m 1 

fE»ffi#W^-Ji 1 4 0 k LTffl^TV^4, 01 

izm^xiz. mw$im&.TbMk2 0 0 kcr>m\<zm.%m 

[ 0 0 2 7 ] 0 5 J4, ffiiifE#tt##fi^M 1 4 0 «0« 
f^tt^SSrS-JI 1 4 0t4, xtK^ ^«JI^P*>6*4 

ffli4 0a+c, mmm^M^i&BMm&m^ 1 

ttSSfS^F- 1 4 2 £ LT(4, ^ 'J a - y ^co 3"Afl^ =5r 
[00 28] tfz, ffiSMSStt W^^Ji 1 4 0 k LT 

fE»tt#«»^JI 1 4 0^)ftW^MJ: LTJ4, Mi. 

£> & 4 afi^F* £ $ i> <r> &Wf e> ft 4 . * 

fc, £0>iaa»fc:, «w 1 4 0 a a*t»iswjiH»«ifi-fe 

7; 7 «Mttf4t tl. i i: t ± o t i , <rco4 
4 0^ffMtl> l :f;A i tl5. ifc, 06£SVr4'3 

, fStf^-fe 75 7 ^XCOmPi 14 0a £«/HL 144 

v , S8S J WWN?LWS!&e*tt<0Hv ^«»* as* L , 
[00 29] £ Jt , ffi»fE^tt#Pfi^ii 140tL 
4f»$»fSrS#l 4 0 a^taffcS-frfcfc'Ofcffl^* 

<r k fc T# 4 . a . 07 £^4 a fcffifftfisSHtif* 

msm 140k lt, immmmm^cottfo k> izm& 
mmmm 1 4 6 itmn 1 4 0 a lt«jhs-£ 

[0030] CO 4 3 Kci&BiBM^mW&^M HOC 

£(4, mriBoffi»te^tt«li^ 14 2, «/HL 144, 
»l»tX{4ffiSifE*lt?i« 1 4 6 (ITF, r Me^ 



[0031] Stenze 1 (Xfy7x/l/) ^Zltt 

[0032] 
[SSC1 ] 

Rp= ( 2 a/x) • I z (ka ) I — ( 1 ) 

a : W\Wm.CO¥-& (2a: ) 

x : wBfrkWb3&$. x-iomm 
rp : mtm (mm&^m.^^m.'t) 

z : S t e n z e 1 SOzMife « •y-fc/HlSiSSr-^tfilH 

k : SfcgjgR ( k = 2 tt/A , A tiS^ftO^) 
±^ ( 1 ) £*JV^T, z { k a ) (4, mm&.<r)MW$. 

mMRt/wiimcmizM-thim^mLx^^. *n 

4 Mf£zMi££4&ffHji£, miemS^£44 
fficSL ( R*f t ISSSL i: {4t)lie^tc|5l-T* 4 ) 0±PS^ S 

[0033] 012 £, Stenze 1 COz^lCO^^ 

V^k i z MiS[(7)ffl(4(5{5'— fcX'fo 0 , iE£« 
g^iS^O 1 /n 4 0 -ha-/hS V ^ k i ^.T{4 , z 
ffi(4Scfl k iSScrjJtfO 2 ^ t JrbfiJ LT/h£<3:o-0>4 
ik^^A J S. 

[0034] fiLhfcJ:*ur , iB*«<og*»W^>Wi 
#1t*iMlfif-r S feft tl4, «e^^0«iS^It73 r6]t 

^x<ri^mx<!^*mtt>$mi£ibh . 

[003 5] 

[iSC2 ] d<A/n ■■■ ( 2 ) 

A : ^m^OifcB; 
n : IEiS[ 

^ffiff^lfc&vvm, ±st ( 2 ) nt: 1 5SKBLt 
fcl-T 4 <! k Wt4 4.012 7 7ti t0£. n 
= 1 5 t L^%^co^ltWffl4, ^1£d*jBff«08fcR 
^JK n = 1 gJK) LfzM&co 1/10HT 

k^4 0 ±3C (2) {4fflft£M-r4^TfcO, »*«4^ 

m-i y^-yyxmmx <o i>4^^x. mmkoR 

5 coi4S> < * Tg^T'S) 0 , H^c^mS^T-(4 n * 1 

[ 0 0 3 6 ] 3rfc, fMEWttM 
6f 14 2 tf5Jg*WiSRfc|RSES*ift tco-C{4^r< , *fc 
«/Jn?L l 4 4 tfDBfss^Rfc P3£RBS$tL4 1 OT'(4 : fc 

[0037] iC04 ^ t, ^mMBMlZMX, ffigg; 
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[00 38] ifc, ^fcffiSRfis^^ttft^fcatt 
T . IHtffiiMj^i^K^/f k L X ii 5 zttHfr $> =5r 



[00 39] Jil±T{±. El 1 coi'i: < JEESJgSfrP 1 0 & 

bb(±, a2^j:o izmwfim? 1 0 ** 

tt#^fi^Ji 1 4 0 £tStf£ i k IZX 9 , S#^M^ 
[0040] :fir*j, J^LhOi^HHCfev^TJi. 2«3&>^>5: 

[0041] 4 £ , Hll T(±F^IjRm-f @^ 1 8 Sr^tf® 

mx-fo h . 



ttmizmtzmztti&mm^wM'&m 150^1 
^^»^. ioaeati. fiifeitttfi^iison 

fE^tteNiS^-S 14 0k laittoS&S^ffeix^ o 

[0043] 

mm^m<?mmm^wm.mmmizfeh « ssom* 
mm u j o sttt^s^s^M^ t»* ; 

[HH^ffi#^fMej] 

[01 ] ^^^^s^^ftfe^o^iS^ffiSr^-r 



[02] 4 »S'Jw^J*^rBf 

[03] ^^^■g.^w^M^^'jo^j^^-riiT 

[ 04 ] HB&O^^S^Sfiitt^ tf&aftfe# 

[07] *«tffi^f5#ttW«*^^4ffK^^I^« 

[08] mmmmcomm z ^-twmmx h h . 

[09 ] ^*OM^iSj^l!l!^**-riTffi0T*l> . 

[010] OgiJoMS:^ifM0 
[011] ^5fetoe ; tiS^M^^iJcoM^^t-|lTffi0 

[012] Stenze l«zli»7'77^ta 

T*4, 

l o J±miSi)j^ , l 2 Wffl^SW. l 4 W#fi-^r 

I, 16 tffl/^X, 18 rtJK«^0if&. 20 S 
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M^-X, 2 2 fcMBm, 2 4 ir-y/U, 2 5 M^M. 1 4 2ffi»fe#ttMS^ , 144 «/HL 1 

2 6 iMKfis 14 0, 1 50 ffiSHS^tf-fHf 4 6 4gft&*ttgfK. 

[HI] [02] [03] 
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